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Materials and instrumentation.
All materials were purchased from commercial sources and used without any further purification. All 1 H-NMR and 13 C-NMR were obtained on a Varian Mercury spectrometer (400, 100MHz) and chemical shifts are reported relative to the residual solvent peak of CD 3 CN (δ 1.94 (1H) or 1.39 ( 13 C)). Electrospray ionization (ESI) mass spectra were obtained on a Varian 1200L mass spectrometer at the Environmental Research Training Laboratory (ERTL) at the University of Kentucky. UV/Vis absorption spectra were obtained on a BMG Labtech FLUOstar Omega microplate reader. Light activation experiments were performed using a 470 nm LED array from Elixa. The Prism software package was used to analyze data. Compound 5 1 and 6 2 have been reported previously.
HPLC analysis for purity and photoejection products: The purity of each Ru(II) complex and photoejection products of 1-4 and 5 were analyzed using an Agilent 1100 Series HPLC equipped with a model G1311A quaternary pump, G1315B UV diode array detector and Chemstation software version B.01.03. Chromatographic conditions were optimized on a Column Technologies Inc. C18 120 Å column fitted with a Phenomenex C18 guard column. Mobile phases of 0.1% formic acid in dH 2 O and 0.1% formic acid in HPLC grade CH 3 CN were used. Samples of each Ru(II) complex were prepared at a final concentration of 500 µM in dH 2 O and protected from light (dark controls/purity analysis) or irradiated to determine the photoejection products. 0  98  2  2  95  5  5  95  5  10  90  10  20  90  10  25  70  30  30  40  60  35  5  95  40  98  2  45 98 2
Synthesis and characterization of cis-[Ru(bpy) 2 L 2 ] 2+ (1-4).
cis-Ru(bpy) 2 Cl 2 (0.15 g, 0.288 mmol) and 10-fold excess (2.88 mmol) of pyridine or diazine (pyridazine -pyd, pyrimidine -pym, pyrazine -pyz) were added to 10 mL of degassed ethanol:water (1:1) in a 25 mL round bottom flask. The mixture was stirred under reflux for 12 hours. The reaction was allowed to cool to room temperature, excess starting material was extracted into dichloromethane, and a saturated aqueous solution of KPF 6 (1-2 mL) was added to the aqueous fraction, producing a red precipitate. The precipitate was then extracted into dichloromethane, and the solvent removed under reduced pressure. Purification of the solid was performed using flash chromatography (SiO 2 , 0.3% saturated KNO 3 , 5% water in CH 3 CN, ramped to 15% H 2 O) to give the pure complex. After column purification, the NO 3 -salt was dissolved in minimal water and converted to the PF 6 -salt upon the addition of a saturated solution of KPF 6 . The precipitate was isolated by extraction into dichloromethane and the solvent was removed under reduced pressure. 2+ (9) Ru(tpy)(bpy)Cl (60 mg, 0.1 mmol), 5-fold excess of pyrazine (40 mg, 0.5 mmol) and AgNO 3 (34 mg, 0.2 mmol) were added to 6 mL of degassed ethanol:water (2:1) in a pressure tube. The mixture was stirred at 80 °C for 12 hours. The reaction was allowed to cool to room temperature and excess of pyrazine was extracted with CH 2 Cl 2 . Next, 1-2 mL of a saturated aqueous solution of KPF 6 was added to the aqueous fraction, and product was extracted with CH 2 Cl 2 . The organic phase was concentrated under vacuum and precipitated with ether. The red product was isolated by filtration and washed with ether. Yield: 32 mg (37%). Chart S1. Labeling of the protons for compounds 1-4. 
Crystallography
Single crystals of compound 2 were grown from acetonitrile by vapor diffusion of diethyl ether, the mounted in inert oil and transferred to the cold gas stream of the diffractometer. X-ray diffraction data were collected at 90.0(2) K on a Bruker-Nonius X8 Proteum diffractometer with graded-multilayer focused CuKα X-rays. Raw data were integrated, scaled, merged and corrected for Lorentz-polarization effects using the APEX2 package (2). 3 Corrections for absorption were applied using SADABS 4 and XABS2. 5 The structures were solved by SHELXT, 6 and refined against F 2 by weighted full-matrix least-squares using SHELXL. 7 Hydrogen atoms were placed at calculated positions and refined using a riding model. Non-hydrogen atoms were refined with anisotropic displacement parameters. Structure was checked using check CIF tools in Platon 8 and by an R-tensor. 9 Crystal data and relevant details of the structure determinations are summarized below and selected geometrical parameters are given in Table S12 . 
Counter-ion exchange:
Prior to photoejection studies and biological testing, each compound was converted to contain Cl -counter-ions. The PF 6 -salt of compounds 1-4 were converted to Cl -salts by dissolving 10-20 mg of product in 1-2 mL methanol. The dissolved product was loaded onto an Amberlite IRA-410 chloride ion exchange column, eluted with methanol, and the solvent was removed in vacuo.
Photoejection studies.
The half-life of ligand ejection for the complexes 1-4 with the Cl-counter-ions were determined in triplicate. The Ru(II) complexes were analyzed in a 96 well plate at a final concentration of 40 µM and a path length of 0.5 cm. Scans were taken at set time points for 240 minutes. The normalized change in extinction coefficient was plotted versus time and fit to a mono exponential equation using Prism software.
Quantum yields were determined as has been described previously, 10 with some modification, and different approaches were compared and contrasted. In all cases, the light source was a 470 nm LED array from Elixa. The photon flux of the lamp was determined both by ferrioxalate actinometery and by using a power meter. The procedures are described in detail in Section 7. , and 500 µM of compound with 40 µg/mL of pUC19 plasmid in 10 mM phosphate buffer pH 7.4 in a 96 well plate. Dark control samples were removed prior to light exposure. The samples were irradiate for one hour, aliquots were removed and incubated in the dark overnight. DNA loading dye was added to the samples prior to gel electrophoresis. Control samples were generated to discriminate between single strand and double strand breaks in the compound-plasmid reactions. To induce single strand breaks, 40 µg/mL of pUC19 in 10 mM phosphate buffer, pH 7.4, was mixed with 5 µM [Cu(OP) 2 ] 2+ and the reaction was initiated upon the addition of 1 mM DTT and 1 mM H 2 O 2 . The reaction was allowed to proceed at room temperature for 30 minutes. For the induction of double strand breaks in pUC19 the restriction enzyme, EcoRI, was used according to the manufacturer's instructions, using 40 µg/mL of plasmid. The reaction was allowed to proceed for 90 min at 37 °C and then stored at -20 °C. Samples with pUC19 plasmid were resolved on a 1% agarose gel in Tris-acetate (TA) buffer, with 0.3 µg of plasmid loaded per lane. The samples were run for 90 min at 100 mV followed by staining the gel with a solution of 500 ng/mL ethidium bromide in TA buffer for 40 min. The gels were then destained in TA buffer for 30 min and digitally imaged with the BioRad ChemiDoc System. 
Detailed methods for determination of quantum yields
Procedure for Ferrioxilate Actinometry Method I: , 1956 ), pp. 518-536. In this publication, the fraction of light absorbed was 0.85, and the quantum yield at 468 nm was reported as 0.92 in Table 4 . 2) Solution 2: A solution of 1% 1,10-phenanthroline was prepared in buffer (1.125 sodium acetate trihydrate, 50 mg 1,10-phenanthroline, 0.14 mL (0.2646 g) of H 2 SO 4 in water, diluted to 5 mL). 3) Solution 1 (0.2 mL) was added into each well of a 96 well plate, and irradiated for set times.
At each time point, 10 µL aliquots of Solution 1, 30 µL of Solution 2, and 160 µL of H 2 O were combined to determine the absorbance of Fe 2+ complex at 510 nm. This complex forms as a result of photolysis of the ferrioxalate. 4) The photon flux of light source was determined by two different approaches, as shown below, with two experimental replicates.
Approach 1:
Photon flux calculated from values in Table.   Table S5 . Experiment 1. 
1.45818E-08

Approach 2:
The change in absorbance of [Fe 2+ ] at 510 nm was plotted against irradiation time. 2+ (11,000), 12 l is the path length (0.5 cm in the 96 well plate), ϕ is the quantum yield of actinometer at 468 nm (0.92) 13 and F = 1-1/10^A (470) is the photon absorption probability for the actinometer in the plate reader well (which was calculated to be equal to 0.45 at 470 nm).
The photon flux was also calculated based on Digital Handheld Optical Power and Energy Meter Console (PM100D, ThorLabs). Finally, the photon flux was calculated by monitoring the disappearance of the ferrioxalate. This is a faster approach that requires less material.
Procedure for Potassium Ferrioxalate Actinometry Method II
1) A solution was prepared by dissolving 2 mg potassium ferrioxalate in 3 mL 0.05 M sulfuric acid. 2) Aliquots of 200 µL were dispensed in each well in a 96-well plate. Absorbance spectra were taken at t = 0. 3) The sample was irradiated and absorbance readings taken at set time points. 4) The absorbance at 390 nm was plotted against time. T im e ( s e c ) A b s o r b a n c e ( 3 9 0 n m ) Figure S23 . Liner regression of absorbance vs. time for disappearance of ferrioxalate.
5) The slope corresponds to the dA/dt value used to solve for the photon flux, q, giving a value of 5.66236E-09 einstein/s.
Were q is photon flux (einstein/s), dA/dt is slope, V -volume of irradiated actinometer (200 µL), ε is the extinction coefficient of potassium ferrioxalate (312 mol -1 dm 3 cm -1 ), l is the path length (0.5 cm in well plate), ϕ is the quantum yield of actinometer at 468 nm (0.92) and F = 1-1/10^A (470) is the photon absorption probability for actinometer in plate reader well (A (470) = 0.03; F = 0.0667).
In order to evaluate the accuracy of the photon flux measurement, cis-[Ru(bpy) 2 
2+ (the Cl -salt) was used as a control. Different values for φ PS have been reported; for example, φ PS = 0.44 for the release of the first ligand in one report, 14 which matches a previously reported value in 1 M H 2 SO 4 , 15 φ PS = 0.21 in another, 16 but it is not explicitly clear if this is for the first or second ligand, or the average of the two photochemical processes. Using the value for q obtained from ferrioxalate actinometry using Method I, we observed φ PS = 0.22 for the release of the first ligand, which matches well with the cited value. 16 For all subsequent quantum yield determinations, we used q = 1.77E-08 (average of values obtained by Method 1, Approach 2).
Quantum Yield Determination
The calculation of quantum yields of photosubstitution reactions of Ru(II) complexes based on the change in absorbance (Δ Abs) at initial time points is widely reported. [17] [18] However this approach is not convenient for our compounds, considering the absorption profile of initial complexes and photoproducts overlap, and this is especially complicated for the determination of quantum yields for the second step of the photosubstitution reactions. However, the change in absorbance upon irradiation possessed clear isosbestic points for both Steps 1 and 2 ( Figures S3-5 ) of photosubstitution. As a result, the moles of decreasing reactant (for example, "B" in Scheme S1) were determined based on the changes in normalized corrected Δ Absorbance (reactant vs. product) over time, which is used in the t 1/2 determinations. Scheme S1. Photoproducts of complex 3 generated in water upon irradiation with 470 nm light. The second photoejection step is accompanied by generation of other species ("D" and "E"). 19 Thus, the loss of the intermediate ("B" in this scheme) is monitored rather than the appearance of a single product ("C").
The photoejection of the monodentate ligands in water was monitored by absorption spectroscopy (Fig. S2-5 ). Complexes 1-4 and 9 (200 µL, 50 µM) were irradiated with 470 nm light in 96-well plate. To calculate the photosubstitution quantum yield for Step 1, the average absorbance for the first five time points (0, 2, 4, 6, and 8 seconds) at 470 nm was measured and used for the calculation of the photon absorption probability (F) for each complex. The second step of the photochemical reaction occurred after 1 min. Accordingly, the average absorbance at 470 nm was measured for the five time points after 1 min irradiation (60, 90, 120, 180, 240 seconds) was used for calculation of the photon absorption probability (F) of the intermediate photosubstitution ( Step 2) for complexes 2-4. The quantum yield calculation for complex 3 is described below, based on the UV/Vis spectroscopy. It was further confirmed by HPLC determination. is initial MLCT absorbance for complex 3.
The normalized corrected change in absorbance has been calculated for each time point as:
Were ΔA corr max is maximum corrected change in absorbance.
We postulated that the normalized corrected change in absorbance with a value of 1 corresponds to the maximum (initial) moles of complex 3 before irradiation, and employed this to calculate the moles of the starting complex and product at each time point.
The initial moles (mol) in the well has been calculated as
Were A 0 415 is initial MLCT absorbance for complex 3, V is the aliquot irradiated (200 µL), ε is the extinction coefficient for complex 3, and l is the path length (0.5 cm in plate reader well).
The moles of photon absorbed have been calculated as the product of photons irradiated and photon absorption probability (F). The quantum yield of photolysis was calculated as a slope of the liner regression (the moles of reactant vs. moles of photon absorbed). The same approach has been used to calculate the quantum yield for Step 2 of photosubstitution reaction. The quantum yields for photosubstitution of complex 3 (Step 1 and 2) was also calculated based on HPLC.
Complex 3 (50 µM) was irradiated in 200 µL aliquots under the same condition as for UV/Vis experiment, and 20 µL were then injected for HPLC analysis. The initial Area (area under the curve in the chromatogram) corresponds the maximum moles of complex 3. The decrease in the number of moles of complex 3 was calculated based on the decrease of the Area over time using the equation:
mol (t) = Area(t) * mol (init) / Area (init)
Were, mol (t) is moles of complex 3 at certain time point (t), Area(t) is the Area at the same time (t), mol (init) is the initial moles of compound 3 injected, and Area (init) is the initial Area for complex 3 before irradiation.
Finally, the moles of complex 3 irradiated in the 96-well plate were multiplied by 10 (volume irradiated is 200 µL, volume injected is 20 µL).
Considering that the absorption of the photoproduct [Ru(bpy) 2 (pym)(H 2 O)] 2+ at 280 nm (the HPLC detection wavelength) could be different from the absorption of [Ru(bpy) 2 (pym) 2 ] 2+ , the correlation between Area and moles for photoproduct has been calculated as follows:
mol(product) = mol(5 s) -mol(init)
Were mol(product) is moles of product at time point 5 s, mol(5 s) is moles of complex 3 after 5 s irradiation, and mol(init) is the initial moles of compound 3 before irradiation. The moles of photoproduct at the following time points have been calculated by the same equation as for complex 3. 
